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Introduction {#sec005}
============

Physical performance is an important indicator of healthy aging, since it is associated with a wide range of adverse health outcomes among older adults \[[@pone.0226342.ref001]--[@pone.0226342.ref004]\]. Women have a higher life expectancy but, paradoxically, older women perform poorer on physical performance tests than men \[[@pone.0226342.ref005]--[@pone.0226342.ref007]\]. This "female disadvantage" is well established, but its longitudinal course by age remains unclear. Furthermore, risk groups with regard to educational level and ethnic groups and trends over birth cohorts are unknown.

Most studies investigating the sex difference in physical performance by age are limited by a cross-sectional design or a short-term longitudinal follow-up period (five years) \[[@pone.0226342.ref005],[@pone.0226342.ref008],[@pone.0226342.ref009]\]. In exception, the well-studied sex difference in handgrip strength diminishes by age due to a more rapid decline in men compared with women \[[@pone.0226342.ref007],[@pone.0226342.ref010],[@pone.0226342.ref011]\]. There is some evidence from longitudinal data (ten years follow-up time) that the sex difference in gait speed remains stable during aging \[[@pone.0226342.ref012]\]. However, longitudinal research with a longer follow-up time is needed to confirm this finding, which will determine whether there is a specific age group where the female disadvantage is most apparent.

The influence of other sociodemographic factors on the sex difference in physical performance have not been studied so far. Low educated subgroups have a poorer physical performance \[[@pone.0226342.ref013]\], which is mainly explained by a higher prevalence of common chronic disease, obesity, smoking and though workload \[[@pone.0226342.ref014]\]. Since men and women differ in their lifestyle and incidence of chronic diseases \[[@pone.0226342.ref015]\], the influence of education on physical performance may differ between men and women. Indeed, more years of education seems to be a stronger and longer protective factor at higher ages, for a decline in gait speed for men compared with women \[[@pone.0226342.ref012]\]. More longitudinal research and other physical performance indications are needed to confirm this finding.

Ethnicity also influences physical performance, where persons with a European-American ethnicity have a higher gait and chair stand speed and better balance compared with persons with an African-American ethnicity \[[@pone.0226342.ref016],[@pone.0226342.ref017]\]. This was largely explained by differences in education, obesity and diabetes \[[@pone.0226342.ref016]\]. Since men and women also differ in these factors \[[@pone.0226342.ref018]\], sex differences may differ per ethnic group. So far, this has not been investigated, but it was demonstrated that the sex difference in a physical performance summary score differs between some ethnic groups \[[@pone.0226342.ref016]\]. However, this research was limited to Hispanic- and Mexican-Americans ethnic groups only. The three largest ethnic groups in the Netherlands; Turkish, Moroccan and Dutch have not been studied so far. Since we know Turkish en Moroccan ethnic groups in the Netherlands have a lower education, this might result in a larger sex difference compared to a Dutch ethnic group \[[@pone.0226342.ref019]\].

Since a female disadvantage in physical performance in older adults has been reported by different studies over the past three decades, it may be a consistent phenomenon throughout time. However, factors affecting healthy aging change over time, were recent cohorts of older adults have a healthier lifestyle, higher socio-economic status, self-reported health and life expectancy but more chronic diseases \[[@pone.0226342.ref020]--[@pone.0226342.ref022]\]. These birth cohort effects may differ between men and women, since older women of a recent cohort have a better health profile related to cardiovascular diseases and diabetes mellitus and their average educational level becomes higher compared to men \[[@pone.0226342.ref023]\]. Since these are known protective factors for a decline in physical performance, we expect a decrease in the female disadvantage over successive birth cohorts. However, longitudinal research is needed to confirm this hypothesis.

A more detailed understanding of the sex difference in physical performance with regard to the longitudinal course by age, educational level and ethnic groups may identify potential risk groups for a more pronounced female disadvantage. This will help determine target groups for preventive strategies to enhance healthy aging in all older women. Also, knowledge with regard to the course of the sex difference over successive birth cohorts will identify the current trend over time, informing us whether this is an increasing or decreasing phenomenon. This study aimed to longitudinally investigate risk groups for a more apparent female disadvantage and study its trend over successive birth cohorts, which was achieved.

Methods {#sec006}
=======

Study population {#sec007}
----------------

Data from the prospective Longitudinal Aging Study Amsterdam (LASA) were used. This study was initiated to determine predictors and consequences of aging and contains a nationally representative sample from three culturally distinct regions in the Netherlands (Amsterdam, Zwolle and Oss). Measurements and interviews are performed by trained interviewers, who visit respondents at home \[[@pone.0226342.ref024]\]. For a more detailed description of LASA and the used questionnaires, see Huisman *et al*. (2011). Ethical approval for the LASA study was given by the Medical Ethics Committee of the VU University Medical Centre Amsterdam, and all participants provided written informed consent.

(Birth) cohort populations {#sec008}
--------------------------

Longitudinal data of the birth cohort 1927--1937 with baseline measurements in 1992/1993 (n = 966, 25 year follow-up) and the birth cohort 1937--1947 with baseline measurements in 2002/2003 (n = 1002, 12 year follow up) were used. Follow-up measurements were performed every three to four years. Furthermore, cross-sectional data of an additional birth cohort (n = 1023) and a migration cohort including Turkish and Moroccan migrants (n = 478) both measured in 2012--2014 were used. All participants were aged 55--65 years at baseline.

Physical performance {#sec009}
--------------------

Four measures of physical performance were included in this study: gait speed, chair stand speed, handgrip strength and balance. Gait speed was measured by asking participants to walk 3 meters, turn around and walk 3 meters back as quickly as possible, recorded by trained staff using a stopwatch. Gait speed was expressed in meters per second. Chair stand speed was measured by asking participants to fold their arms across their chest and to stand up and sit down from a sitting position five times at usual pace. Chair stand speed was defined as the number of chair rises per second. Handgrip strength was measured by asking participants to perform two maximum strength measurements for both hands in standing position with their arms along their body, recorded in kg by a Takei TKK 5001 dynamometer. Handgrip strength was defined as the average of the maximum measurement of each hand. In the migration cohort only the right hand was measured twice, where handgrip strength was defined as the maximum measurement. Balance was measured by asking participants to maintain their feet in the tandem position (heel of one foot directly in front of and touching the toes of the other foot) for ten seconds. Balance was defined as able if the test was performed correctly for at least 10 seconds, or unable if the test could not be performed due to physical inability or if balance was kept for less than 10 seconds.

Birth cohort, educational level and ethnic groups {#sec010}
-------------------------------------------------

Two birth cohorts were included in the longitudinal analysis: birth cohort 1927--1937 and birth cohort 1937--1947. Educational level was categorized into: low (elementary education or less), middle (lower vocational education and general intermediate education) and high (intermediate vocational education, general secondary education, higher vocational education, college education and university). Ethnic groups were categorized as Dutch or Turkish/Moroccan, using data of birth cohort 1947--1957 and the migration cohort. These two cohorts are comparable with regard to age (mean, SD), year of measurement and design (cross-sectional).

Statistical analyses {#sec011}
--------------------

To examine the longitudinal data of birth cohorts 1927--1937 and 1937--1947, mixed model analysis with a random intercept for the individual was used for the continuous outcomes: gait speed, chair stand speed and handgrip strength. Generalized estimating equations (GEE) with an exchangeable correlation structure and robust variance estimator were used for the dichotomous outcome: ability to perform the tandem balance test. Here, GEE was used because the regression coefficients are calculated as "population averaged", which fits best for our population study \[[@pone.0226342.ref025]\]. To examine the cross-sectional data of birth cohort 1947--1957 and the migration cohort, linear and logistic regression analyses were used.

The percentage missing values is similar between men and women and is relatively stable over different measurements and outcome measures (approximately 15% on average). [S1](#pone.0226342.s001){ref-type="supplementary-material"} and [S2](#pone.0226342.s002){ref-type="supplementary-material"} Tables show the number of participants included in each analysis. Mixed model analysis and GEE include all longitudinal data of the outcome, thereby preventing the loss of data and power \[[@pone.0226342.ref025]\]. Taken this into account and the fact that there are no further missing values in sex, age and baseline height, we assume no implications due to missing values in our analysis and a robust regression coefficient estimate.

Several analysis steps were taken: (1) The overall age- and height-adjusted sex difference in physical performance was investigated for all longitudinal and cross-sectional cohort populations separately ("sex" in a model with "age"). (2) The longitudinal course of the sex difference by age was investigated using the longitudinal data of the birth cohorts 1927--1937 and 1937--1947. Therefore, the interaction term age and sex: "age\*sex" was used. If "age\*age" or "age\*age\*sex" was significant, the quadratic regression coefficient in addition to the linear regression coefficient was included in the models throughout the rest of the analysis steps. This allowed a better prediction of the decline in physical performance measures during aging. (3) The modification of the age- and height-adjusted sex difference by educational level, ethnic groups or birth cohort was investigated for all longitudinal and cross-sectional cohort populations separately (interaction term with sex, in a model with "age" and "sex": "birth cohort\*sex", "education\*sex" or "ethnicity\*sex"). (4) The modification of the course of the sex difference by age, by educational level or birth cohort was investigated using the longitudinal data of birth cohorts 1927--1937 and 1937--1947 (interaction term with "sex\*age": "birth cohort\*sex\*age" and "education\*sex\*age"). In other words, whether the course of the sex difference by age was different for different birth cohorts or educational levels. All analyses were adjusted for baseline height to estimate the true unadjusted sex difference in physical performance, since it was demonstrated that height partly explains the sex difference in physical performance measures, but is not part of the proposed causal pathway between physical performance and various health outcomes \[[@pone.0226342.ref026]\]. Body height was measured to the nearest 0.001 m using a stadiometer by a trained interviewer.

To visually depict the longitudinal course of the sex difference by age, a trend line for gait speed, chair rise speed and handgrip strength was plotted by age and sex, based on the regression coefficients of the full model. To depict balance, the probability to be able to perform the tandem balance test was predicted by age and sex. All analyses were performed using SPSS (version 26.0, SPSS inc.).

Results {#sec012}
=======

(Birth) cohort populations {#sec013}
--------------------------

All (birth) cohort populations had an equal amount of men and women, with a similar mean age at baseline ([Table 1](#pone.0226342.t001){ref-type="table"}). Overall, women were lower educated, had a poorer physical performance and were more often unable to perform the physical performance tests due to physical problems compared to men.

10.1371/journal.pone.0226342.t001

###### Baseline characteristics for men and women of the different (birth) cohort populations.

![](pone.0226342.t001){#pone.0226342.t001g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                            Birth cohort 1927--37   Birth cohort 1937--47   Birth cohort 1947--57   Migration cohort 1948--58                                                
  --------------------------------------------------------- ----------------------- ----------------------- ----------------------- --------------------------- -------------- -------------- -------------- --------------
  *Sociodemographic*                                                                                                                                                                                         

  Study population                                          467 \[48\]              499 \[52\]              475 \[47\]              527 \[53\]                  496 \[48\]     527 \[52\]     275 \[58\]     203 \[42\]

  Age in years                                              60 (2.8)                60 (2.8)                60 (2.9)                60 (3.0)                    60 (2.9)       60 (3.0)       61 (3.1)       61 (2.9)

  Education                                                                                                                                                                                                  

  \- Low education                                          104 \[22\]              202 \[41\]              89 \[19\]               124 \[24\]                  50 \[9.3\]     55 \[10\]      179 \[65\]     164 \[81\]

  \- Middle education                                       148 \[32\]              191 \[38\]              239 \[50\]              334 \[63\]                  266 \[54\]     328 \[62\]     64 \[23\]      26 \[13\]

  \- High education                                         215 \[46\]              106 \[21\]              147 \[31\]              69 \[13\]                   180 \[36\]     144 \[27\]     31 \[11\]      8 \[3\]

  *Physical performance*                                                                                                                                                                                     

  Gait speed (m/s)\                                         0.96 (0.28)\            0.93 (0.28)\            1.0 (0.28)\             0.91 (0.26)\                1.1 (2.40)\    1.0 (0.24)\    0.76 (0.27)\   0.66 (0.27)\
  Physically unable[^a^](#t001fn002){ref-type="table-fn"}   5 \[1.0\]               12 \[2.4\]              6 \[1.3\]               10 \[1.9\]                  2 \[0.4\]      4 \[0.8\]      3 \[1.1\]      8 \[3.9\]

  Chair stand speed (rise/s)\                               0.45 (0.14)\            0.47 (0.45)\            0.49 (0.14)\            0.46 (0.13)\                0.43 (0.11)\   0.44 (0.11)\   0.39 (0.16)\   0.32 (0.12)\
  Physically unable[^a^](#t001fn002){ref-type="table-fn"}   19 \[4.1\]              22 \[4.4\]              11 \[2.3\]              29 \[5.5\]                  8 \[1.6\]      15 \[2.8\]     20 \[7.1\]     19 \[9.4\]

  Handgrip strength (kg)\                                   40 (6.9)\               24 (4.9)\               45 (7.9)\               27 (5.8)\                   44 (8.5)\      24 (6.2)\      36 (12.3)\     20 (8.2)\
  Physically unable[^a^](#t001fn002){ref-type="table-fn"}   4 \[0.9\]               5 \[1.0\]               13 \[2.7\]              14 \[2.7\]                  1 \[0.2\]      4 \[0.8\]      3 \[1.1\]      2 \[1.0\]

  Balance[^b^](#t001fn003){ref-type="table-fn"}\            339 \[73\]\             350 \[70\]\             366 \[77\]\             376 \[71\]\                 469 \[95\]\    472 \[90\]\    232 \[84\]\    136 \[67\]\
  Physically unable[^a^](#t001fn002){ref-type="table-fn"}   58 \[12.4\]             100 \[20.0\]            48 \[10.1\]             80 \[15.2\]                 24 \[4.8\]     51 \[9.5\]     38 \[13.8\]    52 \[25.6\]
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Birth cohort 1927--37 and 1937--47 contain longitudinal data, birth cohort 1947--57 and migration cohort contain cross-sectional data. Explanation of data: mean (SD), n \[%\].

^a^Participants who were unable to perform the test correctly/completely or refused due to being physical unable (for example; participants in a wheelchair).

^b^Number of participants able to successfully complete the tandem balance test (percentage of total).

Age- and height-adjusted sex difference in physical performance {#sec014}
---------------------------------------------------------------

Adjusted for age and height, women performed in general poorer than men in gait speed, chair stand speed, handgrip strength and balance in both longitudinal cohorts, except for gait speed in birth cohort 1927--1937 where no significant sex difference was observed ([Table 2](#pone.0226342.t002){ref-type="table"}). To illustrate, mean gait speed of women in birth cohort 1937--1947 was 0.05 m/s (95% confidence interval:-0.069---0.021) lower than men. Also, women had about half the odds on the ability to successfully complete the tandem balance test for 10 seconds compared to men in birth cohort 1937--1947 (OR = 0.59, 95% confidence interval: 0.416--0.844). For birth cohort 1947--1957, women performed only significantly poorer in handgrip strength compared to men and for the migration cohort women performed significantly poorer in gait speed, chair stand and handgrip strength compared to men ([Table 2](#pone.0226342.t002){ref-type="table"}).

10.1371/journal.pone.0226342.t002

###### Age- and height-adjusted mean difference in physical performance between women and men.

![](pone.0226342.t002){#pone.0226342.t002g}

                                 Longitudinal data            Cross-sectional data                                      
  ------------------------------ ---------------------------- ---------------------------- ---------------------------- ----------------------------
  Gait speed (m/s) B             -0.03 (-0.063--0.001)        **-0.05** (-0.069---0.021)   -0.01 (-0.054--0.036)        **-0.08** (-0.140---0.014)
  Chair stand speed (rise/s) B   **-0.05** (-0.071---0.033)   **-0.04** (-0.057---0.028)   -0.02 (-0.039--0.001)        **-0.06** (-0.100---0.027)
  Handgrip strength (kg) B       **-14.8** (-15.69---13.84)   **-16.3** (-17.01---15.49)   **-14.8** (-16.10---13.49)   **-15.5** (-18.01---13.08)
  Balance (ability) OR           **0.71** (0.547--0.916)      **0.59** (0.416--0.844)      0.97 (0.929--1.022)          0.96 (0.872--1.058)

Abbreviations: B = regression coefficient, OR = odds ratio, both with 95% confidence interval. For example: the value of -0.05 means that the mean gait speed of women in birth cohort 1937--1947 is 0.05 m/s lower than men.

Longitudinal course of sex differences in physical performance by age {#sec015}
---------------------------------------------------------------------

The sex difference in gait speed, chair stand speed and balance remained stable during aging for both birth cohort 1927--1937 and 1937--1947 ([Fig 1](#pone.0226342.g001){ref-type="fig"}) ([Table 3](#pone.0226342.t003){ref-type="table"}). The first exception was handgrip strength, where the decline by age was larger in men compared to women for both birth cohorts (age\*sex; p\<0.001), resulting in a decrease of the sex difference with increasing age ([Fig 1D](#pone.0226342.g001){ref-type="fig"}) ([Table 3](#pone.0226342.t003){ref-type="table"}). In addition, the sex difference in balance for birth cohort 1937--1947 slightly decreased by age in the exponential part of the decline in balance (sex\*age\*age; p = 0.001) ([Table 3](#pone.0226342.t003){ref-type="table"}).

![Four physical performance measures by age and sex for two longitudinal birth cohorts 1927--1937 and 1937--1947.\
Gait speed (A), chair rise speed (B), handgrip strength (C) and ability to perform the tandem balance test (D) by age for men and women. Handgrip strength in the 1927--1937 birth cohort was measured only from age 60 years and older. Balance is shown by the chance to be able to perform the tandem balance test, divided by one minus the chance to be able to perform the tandem balance test. Longitudinal data of birth cohort 1927--1937 (solid line) and 1937--1947 (dashed line).](pone.0226342.g001){#pone.0226342.g001}

10.1371/journal.pone.0226342.t003

###### Multivariate model of the longitudinal course of the height-adjusted sex difference in phsyical performance.

![](pone.0226342.t003){#pone.0226342.t003g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                         Cohort                                       Gait speed                                   Chair stand                                  Handgrip strength                           Balance[^a^](#t003fn002){ref-type="table-fn"}
  ---------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- ------------------------------------------- -----------------------------------------------
  Age (y)                1927--37                                     **-0.013 \[-0.0139---0.1203\], p\<0.001**    **-0.005 \[-0.0052---0.0045\], p\<0.001**    **-0.466 \[-0.4971---0.4357\], p\<0.001**   **0.914 \[0.902--0.926\], p\<0.001**

  1937--47               **0.009 \[-0.0102---0.0073\], p\<0.001**     **-0.004 \[-0.0043---0.0030\], p\<0.001**    **-0.581 \[-0.6136---0.5548\], p\<0.001**    **0.953 \[0.930--0.977\], p\<0.001**        

  \+ Age \* Age (y^2^)   1927--37                                     **-0.001 \[-0.0003---0.0001\], p = 0.004**   **-0.001 \[-0.0001---0.0001\], p = 0.003**   **-0.018 \[-0.0220---0.0131\], p\<0.001**   **0.967 \[0.995--0.998\], p\<0.001**

  1937--47               **-0.001 \[-0.0009---0.0005\], p\<0.001**    **-0.001 \[-0.0002---0.0001\], p = 0.037**   **-0.017 \[-0.0210---0.0128\], p\<0.001**    1.002 \[0.994--1.002\], p = 0.245           

  \+ Sex (female)        1927--37                                     -0.028 \[-0.0629--0.0007\], p = 0.116        **-0.052 \[-0.0711---0.0330\], p\<0.001**    **-14.77 \[-15.689---13.841\], p\<0.001**   **0.708 \[0.547--0.916\], p\<0.001**

  1937--47               **-0.050 \[-0.0781---0.0212\], p = 0.001**   **-0.042 \[-0.0569---0.0271\], p\<0.001**    **-16.29 \[-17.079---15.492\], p\<0.001**    **0.592 \[0.416--0.844\], p = 0.004**       

  \+ Sex (female) \*\    1927--37                                     -0.001 \[-0.0034---0.0011\], p = 0.505       -0.001 \[-0.0010--0.0005\], p = 0.573        **0.156 \[0.0959--0.2160\], p\<0.001**      1.011 \[0.986--1.037\], p = 0.951
  Age (y)                                                                                                                                                                                                   

  1937--47               0.001 \[-0.0021--0.0036\], p = 0.616         -0.001 \[-0.0023--0.0003\], p = 0.115        **0.201 \[0.1443--0.2571\], p\<0.001**       1.018 \[0.931--1.036\], p = 0.516           

  \+ Sex (female) \*\    1927--37                                     -0.001 \[-0.0003---0.0001\], p = 0.660       -0.001 \[-0.0035--0.0001\], p = 0.476        0.006 \[-0.0026--0.0151\], p = 0.166        1.002 \[0.999--1.006\], p = 0.095
  Age \* Age (y^2^)                                                                                                                                                                                         

  1937--47               0.001 \[-0.0003--0.0005\], p = 0.555         0.001 \[-0.00017--0.0002\], p = 0.870        0.005 \[-0.0035--0.0127\], p = 0.263         **1.010 \[1.002--1.018\], p = 0.011**       
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Longitudinal data of LASA birth cohort 1927--1937 (light grey) and LASA birth cohort 1937--1947. Beta \[95% confidence interval\], p-value.

^a^OR \[95% confidence interval\], p-value.

Modification by educational level {#sec016}
---------------------------------

For each educational level, women had a poorer physical performance compared with men (data not shown). In general, there was no significant difference between the educational levels in age- and height-adjusted sex difference or its course by age ([S3 Table](#pone.0226342.s003){ref-type="supplementary-material"}). In exception, for birth cohort 1937--1947 the sex difference in gait speed was lower in high educated participants compared to middle education persons (p = 0.017) but chair stand speed was higher in high and middle educated participants compared to low educated persons (respectively; p = 0.046 and p = 0.001).

Modification by ethnic groups {#sec017}
-----------------------------

Among older adults with a Turkish/Moroccan or Dutch ethnicity, women had a poorer physical performance compared to men ([Table 2](#pone.0226342.t002){ref-type="table"}). The difference in age- and height-adjusted sex difference between the two ethnic groups was not consistent for different physical performance measures; the sex difference in chair stand speed was larger but in handgrip strength was smaller and for gait speed or balance similar in persons with a Turkish/Moroccan ethnicity compared to persons with a Dutch ethnicity. Noteworthy, the physical performance of both men and women is poorer in Turkish/Moroccan ethnicities compared to persons with a Dutch ethnicity.

Modification by birth cohort {#sec018}
----------------------------

There was no significant difference between the birth cohorts 1927--1937 and 1937--1947 in age- and height-adjusted sex difference in physical performance or its course by age ([Fig 1](#pone.0226342.g001){ref-type="fig"}) ([S3 Table](#pone.0226342.s003){ref-type="supplementary-material"}). The only exception was handgrip strength, where the age- and height-adjusted sex difference was slightly smaller for birth cohort 1927--1937 (-1.36 95% confidence interval; -0.166---0.003 -, p = 0.026) and the sex difference decreased more rapidly by age compared with birth cohort 1937--1947 (p = 0.037) ([Fig 1C](#pone.0226342.g001){ref-type="fig"}) ([S3 Table](#pone.0226342.s003){ref-type="supplementary-material"}).

Discussion {#sec019}
==========

The present study confirmed a consistent age- and height- adjusted sex difference in physical performance in persons aged 55 years and older, were women perform worse compared to men \[[@pone.0226342.ref001],[@pone.0226342.ref007],[@pone.0226342.ref027]\]. The sex differences for gait speed and handgrip strength are clinically relevant, because it reaches the minimally clinical significant individual difference estimates for gait speed (0.03--0.05 m/s) \[[@pone.0226342.ref028]\] and handgrip strength (5.0--6.5 kg) \[[@pone.0226342.ref029]\].

The female disadvantage in gait speed, chair stand speed and balance remained stable during aging, except for handgrip strength where it reduced by increasing age, confirming previous longitudinal findings for gait speed and handgrip strength \[[@pone.0226342.ref012],[@pone.0226342.ref030]\]. In contrast, previous cross-sectional studies suggested an increase in the female disadvantage in gait speed and balance with age \[[@pone.0226342.ref007],[@pone.0226342.ref008]\], demonstrating the importance of longitudinal studies.

The present study observed no consistent risk groups where the female disadvantage is most apparent, with regard to educational level and ethnic groups. The results of this study showed a better physical performance by participants with a Dutch ethnicity or higher education compared with other ethnicities (Moroccan and Turkish) or lower education, which is in line with previous research \[[@pone.0226342.ref013],[@pone.0226342.ref016],[@pone.0226342.ref017]\]. The current study demonstrated that these differences are similar for men and women.

This study is the first to show that the sex difference in physical performance and its longitudinal course by age does not significantly differ between the two investigated birth cohorts. Although the first birth cohort 1927--1937 was born before and birth cohort 1937--1947 born during world war two, this did not influence the sex difference in physical performance. Other factors that changed between the two birth cohorts, also did not influence the sex difference. This suggests that the female disadvantage is a robust phenomenon.

The observed findings raise the question whether the female disadvantage in physical performance during aging is due to a sex difference in physiology or in unhealthy aging. When the female disadvantage is present throughout the adult life course, it may suggest physiological differences between men and women, which may provide all women with a disadvantage in physical performance. On a different note, men and women might perform at different physical performance levels, although they have the same health status. This would suggest the use of sex-specific cut-off points and remains to be investigated. Next to a physiological difference, the sex difference in physical performance may also arise due to differences in (un)healthy aging such as lifestyle and chronic diseases. The present study did not identify at which age the female disadvantage arises since it was already present at age 55, suggesting it could be a physiological sex difference. However, there was no sex difference demonstrated in similar physical performance tests among healthy adults aged 20 to 39 years \[[@pone.0226342.ref005],[@pone.0226342.ref031],[@pone.0226342.ref032]\], except for handgrip strength \[[@pone.0226342.ref033]\]. This may point towards sex differences in (un)healthy aging or to a ceiling effect of these tests. Previous research supports both theories or the combination \[[@pone.0226342.ref007]\]. For example, the higher body fat percentage in women has been suggested to put them at a significant biomechanical disadvantage for greater disability at older age \[[@pone.0226342.ref034]\], suggesting a sex difference in (un)healthy aging. In addition, sex differences in exposure to lifestyle factors and chronic health conditions in older adults were shown to be explanatory factors \[[@pone.0226342.ref007]\]. For example, women have a higher prevalence and perceived disease burden of osteoarthritis, which may explain the observed sex difference in physical performance \[[@pone.0226342.ref035],[@pone.0226342.ref036]\]. On the other hand, sex differences in muscle strength and exposure to sex hormones were also identified as possible explanatory factors \[[@pone.0226342.ref007],[@pone.0226342.ref034]\], suggesting a sex difference in physiology. Future longitudinal research across the adult life span investigating physiological and (un)healthy aging explanations is recommended.

The present study has several strengths. First, data from a large prospective longitudinal cohort study were used, which represents the older adult life course of the Dutch population \[[@pone.0226342.ref037]\]. To note, response rate was high and drop-out was low; approximately 3% per follow-up. Secondly, the longitudinal design made it possible to study the longitudinal course by age. Thirdly, the use of four different objectively physical performance measures provided a broad image but allowed the study of various aspects of physical performance separately, in contrast to a combined physical performance score \[[@pone.0226342.ref038]\]. Furthermore, all measures are strongly associated with negative health outcomes \[[@pone.0226342.ref001]--[@pone.0226342.ref004]\] and demonstrated to be of high quality \[[@pone.0226342.ref039]\]. At last, this is the first time that the influence of various sociodemographic factors are investigated in one large longitudinal study. A possible limitation is the loss to follow-up due to mortality, since healthy people live longer and women have a higher life expectancy then men ([S2 Table](#pone.0226342.s002){ref-type="supplementary-material"}) \[[@pone.0226342.ref011]\]. This could have caused an overestimation of the mean age- and height-adjusted sex difference, since more unhealthy men compared with unhealthy women are lost. In contrast, more women than men were physically unable to perform the physical performance tests, which may have caused an underestimation. Secondly, the influence of ethnic groups could only be tested in a cross-sectional setting.

In conclusion, this large prospective longitudinal cohort study showed that in persons aged 55 years and older there is a consistent and stable female disadvantage in physical performance which pertains by increasing age. There are no indications for specific risk groups, with regard to educational level and ethnic groups or for a change of this female disadvantage in the coming decades. Therefore, future research on underlying mechanisms, explanations and preventive healthy aging strategies aimed to reduce the female disadvantage, should target all older adults. This novel information forms a solid basis for future research and strategies regarding the female disadvantage in physical performance.
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Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: General comments:

I think the manuscript is well written and the topic of great interest across different fields.

Yet, there are a few issues that in my view require further explanations.

Specific comments:

1\. Abstract

I suggest that study aims be more precisely written because they are "somehow lost" in the "background objectives" section.

I did not clearly understand with there are cross-sectional samples in a longitudinal study. But I will come to this issue later on.

Results are somehow misleading, and not clearly enough to show their clinical relevance, although I know it is not always easy to write this in the abstract. Yet, I think authors can do a better job.

Finally, the "discussion conclusion" section ends up with what may be considered "common knowledge". Can you please re-phrase it differently?

2\. Introduction

It is well written, and apparently clear. I think it would benefit from a more substantive approach of the subject.

What do authors mean by "longitudinal stability". This expression is often used in the draft, but no definition is given nor which statistic best captures this expression.

In paragraph two, in the last sentence, no clear explanation is given why further research is needed. Please explain.

The following paragraph also "suffers", in my view, on too much descriptives instead of going a little deeper and suggest/explain/describe putative mechanism behind your correlates -- socio-demographics and ethnicity. The same can be said in the last paragraph about cohort effects.

Finally, what are exactly the study aims? Are there any reasons why you did not formally posit hypotheses to be tested? If you provide these, please include also some substance linked to them.

Again, what is meant by longitudinal stability, and "would inform us on future trends" (line 88). Are you thinking about prediction? If so, be more precise about its meaning and "clinical/intervention" implications.

3\. Methods

Please provide more information about the LASA study, especially its aims and goals.

What about missing data and its putative implications in data analyses done?

Why do you include cross-sectional data in a longitudinal data set? Please explain, especially why include subjects with only one observation when you are interested in longitudinal stability!

At baseline having subjects with a 10 year lag (55-65) is problematic. Can you please explain why you use a decade lag.

In the "birth cohort, educational level and ethnic groups" entry birth cohorts were born before or during the 2nd World War with devastation consequences in the Netherlands. Yet, you did not mention this and its putative consequences, or is this issue of no relevance?

Statistical analyses are OK, although: (1) why do you adjust your analysis for height? Please explain; (2) what is this "longitudinal stability"?

Further down you wrote (line 159) "the modification of the stability, ..." -- what do you mean by this?

4\. Results

Much of your results are written down, but the potential reader of the paper has no direct access to your results. I suggest, whenever needed, to include supplementary Tables so that the reader may "judge" by her/himself about them.

On the entre of "Longitudinal stability ..." please be more precise. How do we know about it? Have all subjects the same "stability" or are there substantial differences? Please comment on this.

In the Modification by birth cohort entre, you write "there was no clinically relevant,...". Yet, you never mention how can one decide about what is or is not clinical relevant. Are there cut-points for a reader to judge by her/himself?

In the Modification by educational level entry, I wonder if providing more detail (maybe a supplementary table) would help the reader to gain more insight about the results.

The very same suggestion goes to the Modification by ethnic groups entry.

5\. Discussion

My main concern is that you do not provide substantive reasons/mechanisms/explanations in clinical terms about your findings. I think that this adding would increase the quality of the paper.

Reviewer \#2: The authors investigate the sex differences in physical aging, which is addressed by the four measures gait speed, chair stand speed, handgrip strength, and balance. Several studies investigated the sex differences in different physical aging but only a few analyzed several measures and longitudinal data. This paper addresses the interesting question of potentially diminishing sex differences in physical aging. Overall, even though I see potential for this work, some issues need to be addressed.

Major issues:

The authors hypothesize that sex differences in physical performance diminish with increasing age, but what's the expected mechanism? Why should the sex difference diminish and why should men and women perform at the same level? Several medical studies show differences in the body composition which is also related to muscle power relevant for e.g handgrip strength (next to hand size). The authors need to elaborate their motivation and the potential mechanism a bit more precise. Further why should a higher value in physical performance automatically go together with better health? There are also shown differences in body composition across continents (e.g. Europe and Asia).

Many studies on physical performance also showed body weight to be a relevant factor next to and in addition to body height. This measure should be included.

The authors have chosen a random intercept model to analyze the panel data. They call it random intercept for age, which is a very misleading term. Why was this model applied what is the advantage of this model here? Further, the statistical models should be formalized or at least the results should be provided within proper tables (either within the manuscript or as supplementary material). Right now, the model specification in steps 1 and 2 are not clear.

Another important issue: the description of the results is sparse at the moment. The authors refer quite often to Figure 1 when describing their results but they mis to provide numbers to support their visual interpretation. (In addition, the quality of Figure 1 makes it impossible to support all their interpretation). The interaction effect of age and sex is very relevant for this study, therefore I am quite surprised that there is no statistical result provided to show or disprove that sex differences are diminishing at higher ages.

Minor issues:

Was age centered within the analyses? (e.g around 55?)

The authors refer to other studies on younger adults showing no sex differences. This does not represent the full literature e.g <https://doi.org/10.1371/journal.pone.0163917> shows sex differences in handgrip strength at young adulthood.

About the sample population:

An overview of dropouts per cohort group by sex might be relevant for readers to fully understand the sample. Some information is provided within the discussion section, but this needs to be done much earlier.

The high education subpopulation among the migration cohort is very small, authors need to consider dropping this group or interpret it with caution.

Table 1 could/should also include some information about participants refusing to perform the test or not willing to perform the test. Can these two categories be distinguished within the sample? How are participants treated who were willing but failed to perform the test or used the arms for the chair stand test....?

A limitation that should be considered when comparing the results: The chair stand test was not a maximum performance test as were the other three tests.

Was body height self-reported or measured?

References 11 and 24 are equal.

The quality of Figure 1 is poor .
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PONE-D-19-18300 L.D. Sialino et al. Response to Reviewers

We thank the reviewers for their comments. We made the suggested revisions in the manuscript. All revisions in the manuscript are highlighted by track-changes (Revised Manuscript with Track Changes). Our responses to the comments are written below, with references to lines in the final revised manuscript (Manuscript).

Reviewer \#1

I think the manuscript is well written and the topic of great interest across different fields. Yet, there are a few issues that in my view require further explanations. Specific comments:

1\. Abstract: I suggest that study aims be more precisely written because they are "somehow lost" in the "background objectives" section. Results are somehow misleading, and not clearly enough to show their clinical relevance, although I know it is not always easy to write this in the abstract. Yet, I think authors can do a better job. Finally, the "discussion conclusion" section ends up with what may be considered "common knowledge". Can you please re-phrase it differently?

We rewrote the Background and Objectives and Discussion and Conclusion part of the abstract. We included the study aims (lines 26 to 28) and wrote a more detailed conclusion with extra information on implications for practice to emphasize the clinical relevance (lines 43 to 48).

2\. Introduction: It is well written, and apparently clear. I think it would benefit from a more substantive approach of the subject. What do authors mean by "longitudinal stability". This expression is often used in the draft, but no definition is given nor which statistic best captures this expression. Again, what is meant by longitudinal stability, and "would inform us on future trends" (line 88). Are you thinking about prediction? If so, be more precise about its meaning and "clinical/intervention" implications.

Longitudinal stability referred to the stability by age. We used this term to refer to the course of the sex difference by age, also the stability of the sex difference. To prevent confusion, we changed the term into "longitudinal course by age" (line 55). The statistics behind this term is the sex\*age and sex\*age\*age interaction, which is explained in an extra sentence added to the method (lines 179 to 181). In general, trends in health or disease in birth cohorts or generations in the past are often predictive for future trends. The two birth cohorts will indicate a stable, decrease or increase of the sex difference in physical performance. This provides an indication of whether the female disadvantage is an increasing or decreasing phenomenon within our changing society. It may also inform us whether this needs intervention in the future. A more detailed explanation was added (lines 94 to 99).

3\. Introduction: In paragraph two, in the last sentence, no clear explanation is given why further research is needed. Please explain.

We added more information on the follow-up time of the described study (line 62 to 65). Further research with a longer follow-up time is needed to confirm the longitudinal finding (so far only a follow-up of 10 years) that the sex difference in gait speed remains stable during aging. In addition, we added a sentence on the practical implications of investigating this longitudinal course by age to better emphasize the relevance (line 64 to 66).

4\. Introduction: The following paragraph also "suffers", in my view, on too much descriptives instead of going a little deeper and suggest/explain/describe putative mechanism behind your correlates -- socio-demographics and ethnicity. The same can be said in the last paragraph about cohort effects.

We split the paragraph on socio-demographics into two separate paragraphs (education and ethnicity). We now discussed in greater with more detailed the suggested putative mechanism behind the association between education/ethnicity and physical performance and our hypothesis why this might influence men and women differently. Please see the revised paragraph three and four of the introduction. The last paragraph about cohort effects was also extended with explanatory sentences (lines 90 to 94).

5\. Introduction: Finally, what are exactly the study aims? Are there any reasons why you did not formally posit hypotheses to be tested? If you provide these, please include also some substance linked to them.

We added the study aims (lines 107 to 108). Furthermore, we posit sub-hypothesis based on previous literature within each paragraph of the introduction as was suggested by the reviewer. See the revised introduction.

6\. Methods: Please provide more information about the LASA study, especially its aims and goals.

We revised the paragraph "Study population" of the methods accordingly and included a reference to the cohort paper of LASA (line 117).

7\. Methods: What about missing data and its putative implications in data analyses done?

In our models we include sex, age and the outcome (physical performance). There are no missing values for sex and very limited for age (since it can be calculated by the date of the interview and birth date). So, there is only a missing when the whole interview was not carried out. Furthermore, LASA has a very low drop-out, the latter was a maximum of only 3% per wave. Both mixed models and Generalized Estimated Equations (GEE) use all longitudinal data of the outcome, not only the full case models, so this gives no problem for missing values for physical performance. Together with the fact that the missing values are limited (see Supplementary Table 1) we expect no implications due to missing values in our analysis. We agree that this should be made more clear in the method section and therefore added a paragraph on missing with reference to the paragraph statistical analyses (lines 169 to 175). Furthermore, to provide more insight into the missing values we included a supplementary table 1 and 2. These show the number of participants and its percentage of valid measurements versus the total, for each cohort, for each follow-up measurement, for each outcome measurement and for both men and women.

8\. Methods: Why do you include cross-sectional data in a longitudinal data set? Please explain, especially why include subjects with only one observation when you are interested in longitudinal stability!

The migration cohort including participants of Turkish and Moroccan ethnicity started in 2012/2013, with one measurement so far. These is unique data to study the influence of ethnicity on the sex difference in physical performance, since this is the first time such extensive data was collected in these ethnic groups in the Netherlands. Although it is cross-sectional data, it was the only way to investigate the influence of ethnicity, so we decided to use this cross-sectional data for a sub-analysis. We agree that this is not useful for studying a longitudinal course. Therefore, we only studied whether the sex difference was significantly different between different ethnic groups (sex\*ethnicity) and not study the longitudinal course by age (sex\*age\*ethnicity). To explain this more clearly, we revised the sentences explaining the cross-sectional analyses throughout the analyses steps.

9\. Methods: At baseline having subjects with a 10 year lag (55-65) is problematic. Can you please explain why you use a decade lag.

We agree that having subjects aged 55-65 years at baseline creates a cross-sectional part in a longitudinal analysis. We however do not see this as problematic per se. Our analyses are adjusted for age, the distribution of age in our participants over these 10 years is homogeneous and the follow-up time is longer than this baseline lag (24 years for birth cohort 1927-37 and 12 years for 1937-47). LASA contains data with a 10 year lag and we decided to include all these participants to ensure a high power (n \~ 1000) and comparability between LASA cohorts (all have a baseline of 55-65 years).

10\. Methods: In the "birth cohort, educational level and ethnic groups" entry birth cohorts were born before or during the 2nd World War with devastation consequences in the Netherlands. Yet, you did not mention this and its putative consequences, or is this issue of no relevance?

We hypothesized that the war might be of influence on the access to education. Indeed, we see that the birth cohort born during World War 2 has a lower percentage of high educated persons for both men and women. However, we do not expect that it affected men and women differently. Also, we showed in this study that education does not influence the sex difference in physical performance. It was investigated using the LASA data if the famine that took place during the war had an influence on the height and chance of developing diabetes and cardiovascular disease as older adults (F.R.M. Portrait et al. 2011 & 2017). It was demonstrated that these associations are significant for women, but not for men, which was suggested to be related to the fact that female health is more influenced by childhood events compared to men. We however, in our study, found no difference in effect on physical performance measures. We added a sentence relating to this point to the discussion (lines 303 to 306).

11\. Methods: Statistical analyses are OK, although: (1) why do you adjust your analysis for height?

It has been demonstrated that sex differences in physical performance are partly explained by the height differences between men and women on a population level (see reference 65). Height affects the performance on the physical performance tests but is not related to the causal pathways between physical performance and various health outcomes. Therefore, we adjust for height to estimate the sex difference in physical performance without the bias of height in the performance measurement. Although body weight was also shown to partly explain the sex difference in physical performance, this is usually a consequence of life style patterns (diet and physical activity), which is in the causal pathway between physical performance and health outcomes. Therefore, we only adjusted our analyses for height. We added a sentence to the method section "statistical analyses" to explain this more elaborately (lines 192 to 197).

12\. Methods: Please explain; (2) what is this "longitudinal stability"?

Longitudinal stability referred to the stability by age. We used this term to refer to the course of the sex difference by age, the stability of the sex difference. To prevent confusion, we changed the term into "longitudinal course by age" (line 55).

13\. Methods: Further down you wrote (line 159) "the modification of the stability, ..." -- what do you mean by this?

We meant whether the course of the sex difference by age (increase, decrease or stable sex difference by age) was modified by birth cohort or educational level. In other words, whether the course of the sex difference was different for different birth cohorts or educational levels. We revised the sentence and added more explanation (lines 191 to 192).

14\. Results: Much of your results are written down, but the potential reader of the paper has no direct access to your results. I suggest, whenever needed, to include supplementary Tables so that the reader may "judge" by her/himself about them.

In agreement with this comment, we provided an extra Table 3 which shows the multivariate model of the longitudinal course of the height-adjusted sex difference per physical performance measure by age, for both longitudinal birth cohorts 1927-1937 and 1937-1947. In addition, an extra Supplementary Table 3 was provided including all the effect-modification results.

15\. Results: On the entre of "Longitudinal stability ..." please be more precise. How do we know about it? Have all subjects the same "stability" or are there substantial differences? Please comment on this.

We tested the longitudinal course of the sex difference in physical performance by age by testing the interaction terms sex\*age and sex\*age\*age (methods). The current study is a population study so we can only conclude that on a population level, the sex difference in average physical performance remains stable (or decreases for handgrip strength). It was not our objective to study and report on the individual differences in longitudinal stability.

16\. Results: In the Modification by birth cohort entre, you write "there was no clinically relevant,...". Yet, you never mention how can one decide about what is or is not clinical relevant. Are there cut-points for a reader to judge by her/himself?

We discuss the cut-off points for clinical relevance for gait speed and handgrip strength in the discussion section. We agree that this should not be mentioned in the result section but only in the discussion section. We revised it accordingly.

17\. Results: In the Modification by educational level entry, I wonder if providing more detail (maybe a supplementary table) would help the reader to gain more insight about the results. The very same suggestion goes to the Modification by ethnic groups entry.

We provided Supplementary Table 3 which shows all tested effect modification by education, birth cohort and ethnicity with regression coefficient, 95% confidence interval and p-value.

18\. Discussion: My main concern is that you do not provide substantive reasons/mechanisms/explanations in clinical terms about your findings. I think that this adding would increase the quality of the paper.

The objective of this study was not to study the explanatory factors of the sex difference in physical performance, but provide a detailed understanding of the sex difference. In our discussion we do mention two possible explanatory theories (physiological or healthy aging). Since we do not test explanatory factors, we only briefly introduce the main factors from literature so far. We added an example of a sex difference in chronic disease osteoarthritis, that has been suggested to explain the observed sex difference in physical performance (lines 326 to 328). In future studies of our project "Sex and Aging" we will investigate explanatory factors.

Reviewer \#2

The authors investigate the sex differences in physical aging, which is addressed by the four measures gait speed, chair stand speed, handgrip strength, and balance. Several studies investigated the sex differences in different physical aging but only a few analyzed several measures and longitudinal data. This paper addresses the interesting question of potentially diminishing sex differences in physical aging. Overall, even though I see potential for this work, some issues need to be addressed.

Major issues:

1\. The authors hypothesize that sex differences in physical performance diminish with increasing age, but what's the expected mechanism? Why should the sex difference diminish and why should men and women perform at the same level? Several medical studies show differences in the body composition which is also related to muscle power relevant for e.g handgrip strength (next to hand size). There are also shown differences in body composition across continents (e.g. Europe and Asia). The authors need to elaborate their motivation and the potential mechanism a bit more precise.

We understand the questions mentioned by the reviewer. We hypothesize that if the sex difference is stable by age, it suggests a physiological difference. We think the body composition is a potential explanatory factor here. This indeed does not mean that men and women have the same health at the same performance level, as was questioned by the reviewer. If the same health by men and women is measured at different physical performances, sex-specific cut-offs for the relationship between physical performance and health are needed. However, this needs to be assessed in future research. To discuss these points, we added two sentences on this topic (lines 312 to 314). Next to an physiological difference, the sex difference might be due to difference in (un)healthy aging life style factors. These factors might change of time, resulting in a change of the sex difference by age. However, all discussed points are not addressed in our research question and are therefore only discussed as possible theories in the discussion (lines 315 to 321)

2\. Further why should a higher value in physical performance automatically go together with better health?

There has been extensive research performed investigating the relationship between physical performance and various health outcomes. A strong association for handgrip strength, gait speed and lower body strength (party measured by chair stand) with probability of disability was observed. Also, gait speed and mortality were found to be associated. Although this does not mean that a person with higher physical performance always has a better health, it means that on average good physical performance is an indicator for health. To emphasize this, we only used the word "associated" and not "affects" or "means" in the introduction (lines 57 to 58).

3\. Many studies on physical performance also showed body weight to be a relevant factor next to and in addition to body height. This measure should be included.

Height affects the performance on the physical performance tests but is not incorporated in the (hypothesized) causal pathway between physical performance and various health outcomes. Therefore, we adjust for height to estimate the sex difference in physical performance without the bias of height in the measurement of performance. Although body weight was also shown to partly explain the sex difference in physical performance, this is usually affected by life style (diet and physical activity), which may be part of the causal pathway between physical performance and health outcomes. Therefore, to show the unadjusted sex difference in physical performance, we only adjusted our analyses for height. We added a sentence to the method section "statistical analysis" to explain our choice more elaborately (lines 193 to 196).

4\. The authors have chosen a random intercept model to analyze the panel data. They call it random intercept for age, which is a very misleading term. Why was this model applied what is the advantage of this model here? Further, the statistical models should be formalized or at least the results should be provided within proper tables (either within the manuscript or as supplementary material). Right now, the model specification in steps 1 and 2 are not clear.

We meant a random intercept for the individual, we revised the sentence accordingly. The advantage of this model is that it takes the correlation between the measurements within one person into account. To provide more insight in our statistical models we added Table 3, which shows our multivariable model and its build-up step by step as described in the method section.

5\. Another important issue: the description of the results is sparse at the moment. The authors refer quite often to Figure 1 when describing their results but they mis to provide numbers to support their visual interpretation. (In addition, the quality of Figure 1 makes it impossible to support all their interpretation). The interaction effect of age and sex is very relevant for this study, therefore I am quite surprised that there is no statistical result provided to show or disprove that sex differences are diminishing at higher ages.

We added Table 2 to provide the statistical method used to produce figure 1 and show the interaction effects between age and sex. In addition, we also added Supplementary Table 3 to show the results of the effect modification analyses.

Minor issues

1\. Was age centered within the analyses? (e.g around 55?)

Age was not centered in our analysis. We decided to not center within the analysis because we only take age and sex as covariates in our analysis (where the value zero is not necessarily arbitrary). Also, we are mostly interested in the interaction terms, where age centered analysis do not have an beneficial effect.

2\. The authors refer to other studies on younger adults showing no sex differences. This does not represent the full literature e.g <https://doi.org/10.1371/journal.pone.0163917> shows sex differences in handgrip strength at young adulthood.

We adjusted the sentence in the discussion and added the reference advised by the reviewer (line 320).

3\. An overview of dropouts per cohort group by sex might be relevant for readers to fully understand the sample. Some information is provided within the discussion section, but this needs to be done much earlier.

We included two supplementary tables (1 and 2), which show the number of participants and its percentage of valid measurements versus the total, for each cohort, for each follow-up measurement, for each outcome measurement and for both men and women.

4\. The high education subpopulation among the migration cohort is very small, authors need to consider dropping this group or interpret it with caution.

We only analyze the migration cohort as a whole group together to estimate the sex difference and compare the sex difference with the Dutch cohort 1947-1957. Since we do not group by education level, we did not encounter a low power problem.

5\. Table 1 could/should also include some information about participants refusing to perform the test or not willing to perform the test. Can these two categories be distinguished within the sample? How are participants treated who were willing but failed to perform the test or used the arms for the chair stand test....?

We included supplementary tables 1 and 2 for an overview of the participants who refused, were not willing to, did not perform any interview or unknown missing values. Table 1 "unable" shows the participants who were unable to perform the test correctly or completely or refused due to being physically unable to perform the test (for example; participants in a wheelchair). To make this point more clear, we added an extra footnote to Table 1.

6\. A limitation that should be considered when comparing the results: The chair stand test was not a maximum performance test as were the other three tests.

The gait speed and handgrip strength test are maximum performance tests, but the balance and chair stand test are not. We do not see this as a limitation when comparing results. Since we are interested in the functioning these tests represent and not the maximum performance, both test are applicable. In addition, our goal is to detect a differentiation between participants and within in a participant by age, which is achieved by both our maximum and non-maximum performance tests. We however agree that the point made by the reviewer is something to take into account when interpreting the results. We therefore explained all measures in detail in the method section.

7\. Was body height self-reported or measured?

Body height was measured to the nearest 0.001 m using a stadiometer by a trained interviewer. We added this information to the method section (lines 196 to 197).

8\. References 11 and 24 are equal.

We removed the duplicate reference.

9\. The quality of Figure 1 is poor .

We used another program to make the matrix graph to ensure high quality after submission. Please see revised Figure 1.

Concluding author remarks

\- All analyses were rerun in a newer version of SPSS (26) to create the additional tables. Therefore, the figures and values in tables and text slightly changed after the revision.

\- During the rerun of all analysis, we discovered a minor error in the gait speed analysis of LASA birth cohort 1927-1937. As a result, the effect sizes for the sex difference in gait speed were revised (see Table 1). This did not influence our final conclusions.

\- The graph for depicting the balance outcome measure was changed using the full model estimated regression coefficients instead of the raw data. This ensured a line that better fits to the model as was previously used.

10.1371/journal.pone.0226342.r003
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